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INTRODUCTION
There are large acreages of Bowie soils in Southwest Louisiana and
neighboring states. These soils are very low in phosphorus (P) and are
utilized extensively in the production of forage for livestock. Brup-
bacher et al. (2)2 found that 62 percent of the soils from the Coastal
Plain area of Louisiana were low in extractable P and 63 percent of the
soils from the Flatwoods area of Southwest Louisiana were low in ex-
tractable P. Both of these soil areas contain large acreages of Bowie
soils. Bermudagrass is the most widely grown perennial grass for live-
stock throughout these soil areas. Experiments to determine the response
of crops, such as bermudagrass, to rates of the various fertilizer elements
have always been an important part of research. However, most studies
have not combined crop response with soil test calibration data as one
of the principal objectives.
The objectives of this investigation were: (1) to determine the in-
fluence of annual applications of P on the yield and chemical compo-
sition of common bermudagrass grown on Bowie fine sandy loam soil and
(2) to relate the annual applications of P to the P content of the soil
and to forage yield. The data could be used as an aid in interpreting
soil test results and making fertilizer recommendations based on soil
tests.
This investigation was conducted as part of Regional Proiect S-52.
The states cooperating in this investigation were Texas, Oklahoma,
Arkansas and Louisiana. Data presented in this publication include
only the results obtained in the experiment conducted in Louisiana.
iProfessor, Department of Agronomy, Louisiana Agricultural Experiment Station,
Baton Rouge; Associate Professor, West Louisiana Agricultural Experiment Station,
Rosepine; Associate Professor, Department of Agronomy, Louisiana Agricultural
Experiment Station, Baton Rouge; Professor, Department of Agronomy, Louisiana
Agricultural Experiment Station, Baton Rouge.
2ltalic numbers in parentheses refer to Literature Cited, Page 35.
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REVIEW OF LITERATURE
Numerous investigators have studied the effects of P fertilization on
the yield of bermudagrass and other pasture grasses. Burton et al. (3)
stated that the application of large quantities of P and potassium (K)
to Coastal bermudagrass increased the protein, carotene and xantho-
phyll contents very little. There appeared to be no reason to apply more
than the minimum rates of P and K needed for optimum production.
Cope (4) reported that Coastal bermudagrass showed little response
to applied P unless the soil supply was very deficient. He found that
Coastal bermudagrass did not remove large amounts of P from the soil.
One ton of hay contained only about four pounds of P or nine pounds
of P3O5.
Ensminger (5) stated that the extent of P accumulation depended on
such factors as the amount of P added, amount lost by erosion, crops
grown and how much of the crop was removed from the land. He
found that six tons of Coastal bermudagrass hay removed 54 pounds
of P2O5 per acre. It was concluded that the P fixed by the soil was
important in crop production and should be considered in making
fertilizer recommendations. Harris (6) studied the effect of three sources
of P on the growth of grass on a Bowie very fine sandy loam soil. He
found a significant correlation between the forage yield of a peren-
nial grass and the amount of extractable P in the soil. Ensminger (5)
also found that the extractable P content of soils was directly related
to yield response to residual P.
Rouse (9) studied the relationship between P in the top two inches of
soil and the relative yield of Coastal bermudagrass. Luxury consump-
tion of P occurred when the bermudagrass contained above 0.16 percent
P. The maximum yield of grass was obtained with a soil test value of
about 30 ppm of P. Jordan et al. (S) presented data that showed a yield
response to P at soil test values of less than 25 ppm of P. Woodhouse
(10) reported that about 25 ppm of extractable P in the plow layer and
a P content of 0.15 to 0.20 percent in the plant tissue appeared to be
adequate for the growth of Coastal bermudagrass. Jordan et al. (8)
also found that above 0.16 percent P in the Coastal bermudagrass was
adequate for maximum production.
Woodhouse (10) found that where 12 kg of P per ha (10.7 lbs. per
acre) were applied annually, the removal was 13 kg per ha (11.6 lbs.
per acre) annually, indicating an apparent recovery rate of 75 percent of
the applied P. Soil test data showed evidence of substantial penetration
of applied P into the 15-30 cm (5.9-11.8 in.) zone and some indication
of movement to the 30-46 cm (11.8-18.1 in.) depth. It was reported by
Hileman et al. (7) that after four years of applying 600-300-300 to com-
mon bermudagrass, the extractable P content in the soil increased from
15 pounds per acre to 114 pounds per acre. Jordan et al. (8) concluded
that the chemical analysis of samples from the surface two inches of
soil was representative of the P fertility.
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EXPERIMENTAL PROCEDURE
An investigation on the effects of annual applications of P on the
yield and chemical composition of common bermudagrass and on soil
test values was initiated in 1965 and continued through 1970. The
experiment was conducted on a Bowie fine sandy loam soil at the West
Louisiana Agricultural Experiment Station near Rosepine, Louisiana.
The experimental design used in this study was a randomized com-
plete block. The plot size was 7 x 14 feet with 4-foot alleys between
plots. Each treatment was replicated six times.
Surface and subsoil samples were taken from each plot prior to the
application of fertilizer each year to determine changes in the fertility
and lime status of the soil. Initially, the soil contained 5 ppm of P and
was uniform in P content throughout the experimental area. Initially,
the soil contained 79 ppm of K, 483 ppm of calcium (Ca) and 92 ppm
of magnesium (Mg). The soil reaction was pH 5.8.
The P treatments were 0, 13, 26, 39, 52 and 66 pounds of P per acre
applied annually as a broadcast application in early spring. Concen-
trated superphosphate containing 22.9 percent P (52% P2O5) served
as the source of P. Potassium was applied annually at the rate of 200
pounds per acre as KCl. Dolomitic limestone was applied to the soil
at the rate of two tons per acre prior to the establishment of bermuda-
grass. An additional one ton per acre surface application of dolomitic
limestone was applied in the spring of 1967. All plots received 100
pounds of nitrogen (N) per acre as ammonium nitrate after each cut-
ting in 1965 and 1966 and 50 pounds of N per acre after each cut-
ting in 1967, 1969 and 1970. The stand of bermudagrass was lost in
1968 because of disease, and all plots had to be reestablished. The ex-
perimental area was fumigated with methyl bromide before reestablish-
ment in order to control weeds. Yield data were not obtained in 1968.
Forage from all plots was harvested two to five times each year de-
pending on the amount of growth. Representative samples of forage
were taken from each plot at each harvest for moisture determinations
and chemical analyses. Plant samples from the six replications of each
treatment were dried to a constant weight at 70C. After drying, the
plant samples were ground in a stainless steel Wiley mill to pass a 20-
mesh screen. The samples of plant material from each treatment of the
six replications were composited and stored in glass containers for chem-
ical analysis.
Phosphorus, K, Ca and Mg were determined on the plant samples.
A two-gram sample of forage was dry-ashed in a muffle furnace at
500C for one hour. The ash was taken up with 10 ml of five-normal
hydrochloric acid, filtered and made up to a volume of 100 ml. An
aliquot of this solution was used to determine the content of P, K, Ca
and Mg in the plant material. Phosphorus was determined by the vana-
date — molvbdate — yellow method. The concentrations of K, Ca and
Mg were determined on the atomic absorption spectrophotometer.
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The analytical methods and procedures used to determine the fer-
tility level and lime status of the soil samples are described in Louisiana
Agricultural Experiment Station Bulletin No. 632 (1). Soil reaction
(pH) was determined by using a pH-meter and a slurry of soil and dis-
tilled water at a soil-to-water ratio of approximately 1:1. Phosphorus
was determined by extracting a sample of soil with a solution of 0.10
N HCl containing 0.03 N NH^F. A soil-to-solution ratio of 1:20 and an
extracting period of 15 minutes were used to determine extractable P.
Potassium, Ca and Mg were determined by extracting a sample of soil
with a 0.10 N HCl solution using a soil-to-solution ratio of 1:20. The
extraction time was 15 minutes.
The forage yield data were reported on a dry weight basis and were
statistically analyzed by the analysis of variance method.
RESULTS AND DISCUSSION
The data in Table 1 show the effect of annual applications of P on
the forage yield of common bermudagrass grown on Bowie fine sandy
loam soil. Significant differences in forage yield due to levels of applied
P were obtained each year of the investigation.
In 1965, significant increases in forage yield were obtained with each
level of applied P up to the 66-pound rate. During the second year,
1966, significant increases in forage yield were found among increments
Table l.-The effect of annual applications of P on the forage yield
of common bermudagrass grown on Bowie fine sandy loam soil, 1965-
1970.1/
P
applied annually" 1965 1966 1967 1969 1970
lbs. per acre Yi€ild of dry forage. tons per acre
0 1.42 3.09 1.03 1.53 4.77
13 2.64 6.23 2.85 2.77 6.58
26 3.33 8.24 4,14 3.31 6.15
39 3.95 9.45 5.04 3.84 6.46
52 4.32 10.14 4.88 3.91 6.76
66 4.78 10.35 5.60 4.24 6.81
LSD at 5% 0.32 0.30 0.27 0.35 0.41
1^/Yield data were not obtained in 1968 due to loss of bermudagrass
s tand
.
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of applied P up to the 52-pound level. The forage yields on all of the
plots in 1966 were consistently higher than the yields the previous year.
Forage yields in 1967 were increased significantly by each increment
of applied P up to the 39-pound rate. The yield produced at the 39-
pound rate of P was not significantly different from the yield at the
52-pound rate. However, when 66 pounds of P were applied per acre
in 1967, the forage yields were significantly higher than the yields pro-
duced at all other P levels.
Forage yields were not taken in 1968 due to loss of the bermudagrass
stand from Rhizoctonia solani. However, soil samples were collected for
chemical analyses prior to the application of each of the rates of P.
Relatively lower forage yields were obtained in 1969 as compared
with yields in previous years and this was probably due to the loss of
stand and the reestablishment of the grass on all plots. Significant in-
creases in forage yield were obtained with P applications up to the 39-
pound rate of P.
In 1970, the application of 13 pounds of P per acre resulted in a
significant increase in yield. Higher rates of P did not cause further
significant increases in yield. This result indicated that a buildup in soil
P had occurred during the course of the investigation.
The pounds of common bermudagrass forage produced per pound
of applied P are shown in Table 2. These data show that as the amount
of applied P was increased there was a decrease in the production
of forage per pound of applied P. This decrease occurred during
each year of the experiment. During the second year, the yield of forage
per pound of applied P was relatively high at all rates of applied P.
This was primarily due to the high forage yields that were obtained in
1966 as a result of P applications along with a very favorable growing
season. At that time a large buildup of P had not occurred in the
Table 2. -Pounds of common bermudagrass forage produced per pound of
applied P-1965-1970.1/
p
applied annually 1965 1966 1967 1969 1970
lbs. per acre --Pounds of dry forage per pound o f applied P
13 188 483 280 191 278
26 147 396 239 137 106
39 130 326 206 118 87
52 112 271 148 92 77
66 102 220 138 82 62
1^/Yield data were not obtained in 1968 due to loss of bermudagrass
stand
.
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soil, especially at the lower levels of applied P. With continued annual
applications of P there was a buildup of P in the soil, as shown in Table
9. The buildup of P in the soil reduced the amount of forage produced
per pound of applied P. This is indicated in the 1969 and 1970 data,
especially at the higher rates of applied P.
The effect of annual applications of P on the recovery of applied P
by common bermudagrass is shown in Table 3. In general, as the rates
of P increased, the percentage recovery of applied P by bermudagrass
decreased each year. In four of the five years the highest recovery per-
centage of applied P by common bermudagrass was found with an an-
nual application of 13 pounds of P per acre. The percent recovery of
applied P was exceptionally high in 1966. This was probably due to
favorable growing conditions and the large forage yields produced that
year. In 1966, there was an 88.9 percent recovery of the applied P at the
13-pound rate of applied P, and a 63.5 percent recovery at the 66-pound
rate of applied P. The lowest recovery of applied P was obtained dur-
ing the first year of the study. The recovery of applied P by common
bermudagrass tended to increase or decrease in relation to forage yield.
Table 3. -The effect of annual applications of P on the recovery of
applied P by common bermudagrass - 1965-1970 ._!/
P
applied annually 1965 1966 1967 1969 1970
lbs. per acre p recovered-7o
13 29.2 88.9 43.9 38.2 64.5
26 24.5 83.5 46.3 31.5 46.2
39 25.7 83.9 45.2 31.3 40.8
52 22.5 73.3 34.1 23.3 35.9
66 21.0 63.5 34.7 25.9 32.3
l/Y±eld data were not obtained in 1968 due to loss of bermudagrass
stand
.
The effect of applied P on the total forage yield, chemical composi-
tion and nutrient uptake of common bermudagrass in 1965 is shown
in Table 4. The relationship between forage yield and P uptake is
further illustrated in Figure 1. Significant increases in the yield of
forage were obtained from each increment of applied P up to the 66-
pound rate. Tlie maximum yield of 4.78 tons of dry forage per acre
was obtained from the application of 66 pounds of P per acre. As the
rates of applied P increased there was an increase in content of P in
the forage. The P content of the forage varied from 0.134 percent in
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the check plot to 0.185 percent in forage produced at the 66-pound rate
of applied P. The removal of P from the soil by common bermudagrass
in 1965 also increased as the rates of applied P increased, with the
highest removal of P occurring at the 66-pound rate. The P uptake by
bermudagrass ranged from 3.80 pounds per acre where no P was applied
to 17.69 pounds per acre where 66 pounds of P per acre were applied.
The content of K in the forage and the K uptake per acre increased
with each increment of applied P, as shown in Table 4. The concen-
tration of K in the forage ranged from 1.75 percent in forage from the
plots that did not receive P to 2.13 percent in the forage from the 66-
pound rate of P. At the 66-pound rate of applied P, the K uptake was
203 pounds per acre, as compared with an uptake of only 49 pounds
per acre when no P was applied. The increased uptake of K by the
bermudagrass following the addition of each increment of applied P was
attributed to increased production of dry matter that resulted from the
applied P.
The content of Ca tended to increase slightly in the bermudagrass
forage with increased rates of applied P. The highest percentage of Ca
in the forage was found at the 66-pound rate of applied P. With each
increase in applied P there was a corresponding increase in the amount
of Ca taken up by the bermudagrass. The highest removal of Ca was
obtained at the 66-pound rate of applied P.
In 1965, the P treatments resulted in relatively small changes in the
Mg content of the grass. The Mg content of the bermudagrass was
Fig. 1—The effect of applied phosphorus on the forage yield and phos-
phorus uptake of common bermudagrass in 1965.
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slightly lower at the higher levels of applied P. Magnesium uptake per
acre was increased at the higher rates of applied P due to the increase
in forage production with the higher levels of P.
The effect of applied P on the total forage yield, chemical composi-
tion and nutrient uptake of common bermudagrass in 1966 is shown
in Table 5. The relationship between forage yield and P uptake is fur-
ther illustrated in Figure 2. The same increments of P were used
in the spring of 1966 as were used the previous year. Significant
increases in the yield of forage were obtained from each increment
of applied P up to the 52-pound rate. The maximum forage yield of
10.8 tons of dry forage per acre resulted from the application of 66
pounds of P per acre. However, this yield was not significantly higher
than the yield obtained with 52 pounds of applied P per acre. The
content of P in the forage and the P uptake from the soil increased
with each increment of applied P. When P was not applied the P con-
tent of the bermudagrass was lower in 1966 than during the previous
year. However, in all other P treatments in 1966 the content of P in the
bermudagrass forage was higher than in the previous year. Forage pro-
duced with no applied P contained 0.115 percent P, while forage pro-
duced with 66 pounds of applied P per acre contained 0.237 percent P.
In 1966, common bermudagrass removed 7.12 pounds of P per acre from
the untreated soil. The highest uptake of P, 49.04 pounds per acre, oc-
curred at the 66-pound rate of applied P. The uptake of P was consider-
ably higher from all treatments in 1966 than it was in 1965. The large
amounts of P removed by the grass in 1966 were due to the larger ton-
nage of forage produced and a slightly higher P concentration in the
grass as compared with the 1965 data.
In 1966, the K content of the forage decreased at the higher levels
of applied P, as shown in Table 5. Forage produced at the 13-pound
rate of P contained the highest percentage of K. The lowest concen-
tration of K in the forage occurred with the 66-pound rate of P. The
K uptake was variable; however, increased uptake of K was noted with
increments of applied P up to 26 pounds per acre. Above the 26-pound
rate of P the K removal from the soil showed no further increase. Con-
siderably higher removal of K per acre occurred in 1966 as compared
with the 1965 data in Table 4. This was probably due to the increased
forage yields obtained on all of the plots in 1966.
There were only small increases in the Ca content of the forage in
1966 due to variations in applied P. The Ca percentage of the bermuda-
grass was slightly higher in 1966 than in the previous year. Calcium
uptake increased with each of the increments of applied P. This was
due to the increased yield of forage resulting from the applications of
P.
As the rates of applied P increased there was a slight increase in the
Mg content of the forage and an increase in Mg uptake. Where P was
not applied, the forage contained 0.156 percent Mg. Forage produced
at the 66-pound rate of P contained 0.202 percent Mg. The Mg uptake
11
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Applied Phosphorus (lbs. per acre)
Fig. 2—The effect of applied phosphorus on the forage yield and phos-
phorus uptake of common bermudagrass in 1966.
by the bermudagrass increased from 9.68 pounds per acre where P was
not applied to 41.79 pounds per acre at the 66-pound level of applied P.
The effect of applied P on the total forage yield, chemical composi-
tion and nutrient uptake of common bermudagrass in 1967 is shown in
Table 6. The relationship between forage yield and P uptake is further
illustrated in Figure 3. Significant increases in forage yield were ob-
tained with increased rates of applied P up to the 39-pound rate. At the
52-pound rate of P there was a slight but non-significant decrease in
yield as compared with the yield obtained at the 39-pound rate. The
maximum forage yield was obtained from the treatment receiving the
highest rate of applied P. Forage yields in 1967 were similar to the
yields obtained in 1965 and were considerably less than the yields of
1966. In 1967, the content of P in the forage and the P uptake from
the soil increased with each increment of applied P. Where no P was
applied, the common bermudagrass contained 0.125 percent P, while
the forage produced at the 66-pound rate of P contained 0.228 percent
P. The P uptake with 66 pounds of applied P was 25.49 pounds per
acre, as compared with a P uptake of 2.59 pounds per acre from the
treatment that did not receive P.
The K concentration of the bermudagrass forage in 1967 decreased
at the higher levels of applied P, as shown in Table 6. The highest
content of K in the forage was 1.99 percent with an application of 13
pounds of P per acre. The K concentration in the forage decreased to
1.75 percent at the 66-pound rate of applied P. The K uptake increased
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Applied Phosphorus (lbs. per acre)
Fig. 3—The effect of applied phosphorus on the forage yield and phos-
phorus uptake of common bermudagrass in 1967.
with increased rates k)i applied P and forage yield. Potassium uptake
ranged from approximately 40 pounds per acre with no applied P to
196 pounds per acre at the 66-pound rate of P.
The data in Table 6 also show that the P treatments had very little
influence on the Ca and Mg concentrations in the plant tissue and on
uptake of these two elements. The uptake of Ca and Mg by the grass
varied in relation to the yield of forage.
The effect of applied P on the total forage yield, chemical composi-
tion and nutrient uptake of common bermudagrass in 1969 is;, shown
in Table 7. The relationship between yield and P uptake in 1969 is
further illustrated in Figure 4. Significant increases in forage yield were
obtained with each increase in applied P up to the 39-pound rate of P.
The maximum forage yield was produced from the application of 66
pounds of P per acre. This yield was significantly higher than the yield
produced at the 39-pound rate of P, but not significantly higher than
the yield produced at the 52-pound rate. The concentration of P in
the forage and the P uptake increased with increased rates of P up to
the 39-pound rate of P. Phosphorus content of the forage and P uptake
were slightly lower at the 52-pound rate of applied P, but increased at
the 66-pound level. The highest removal of P occurred with the appli-
cation of 66 pounds of P per acre.
The concentration of K in the bermudagrass was variable at the dif-
ferent levels of applied P in 1969, as shown in Table 7. However, the
K uptake per acre increased with corresponding increases in forage
yield at each level of applied P. Approximately 176 pounds of K per
15
1—1
CU
•H
>^
CU
bO
c«
fo
T-l
03
U
O
4J
0)
-y
C
o
(U vO
•H
1-1 1-1
a.
a
cS CO
of ra£
W)
+j ca
o
a> g
0)
o
•Th ion
&>2
CU CU
U
O
4J cd
a \
CO
1 Xi
rH
^1
<U
U-l W (U
O CO
}-l O
^3 O cfl
I—1 M-l
<U CO
•H >• C
pH U O
4-1
CU
T3 5-1
CU O
•H 03
PL, r-l
p. CO
o.
Ct5 I—
1
O o 1—1
CT> o vO 00 1—
1
LO 00 o CM i-<
^-^ I—
1
1—1 1-1
<t <! t—
1
<J- 1-)
CJN in in vD in
I—
1
r-i I— t-l 1-1 1—1
o o o o o o
C3^ C3^ 00 i-t in 00
00 CM 00 in CM CM
<j- vO a\ O 1—1
t—
1
1—1 1-1 CM CM
00 00 in <j- <y\ 1—1
in LO in in in in
CM CNJ CM CM CM
o o o CO o o
LP) 00 o <}• 00
0^ CM <) in CO
00 O CD 1—
1
<1- r-) CO
T—i I—
<
1—1 r— 1—1
O CM 00 1-1 00
CJN 00 00 o
r—
1
I—
1
1
—
1
1—1 1—
1
CM
00 CM r-l
<t 1^ vO
cn 00 i-i in in O
I— 1—1 1— CM
LO CO in o CO
T-i in 1^ o o <)
1—1 CM CM
o o O O O o
T—
1
<1- 1—1 <f
CO 00 C3^ Csl
CO CO CO <t
o CO as CM \0
r-l CNj CO in vD
^1
16
acre were removed from the soil on plots that received the 66-pound
rate of applied P.
In 1969, the Ca concentration of the forage was not affected by rates
of applied P. The uptake of Ca per acre increased in relation to forage
yield increases at the different rates of applied P.
The data in Table 7 show that forage from the no-P treatment had
the highest concentration of Mg in 1969. The varying levels of applied
P had little effect on the Mg concentration in the grass. In general,
the Mg uptake varied in relation to forage yield.
The effect of applied P on the total forage yield, chemical compo-
sition and nutrient uptake of common bermudagrass in 1970 is shown
in Table 8. The relationship between forage yield and P uptake is
further illustrated in Figure 5. The data show that the maximum forage
yield was obtained at the 66-pound rate of applied P. However, no sig-
nificant yield increases were obtained from applications of P above the
13-pound rate. There was an increase in the P concentration in the fo-
rage and the P uptake for each increase in applied P.
The K concentration of the forage did not appear to be affected
by the different rates of applied P in 1970, as shown in Table 8. Po-
tassium uptake was higher than in the previous year due to the in-
creased forage yields in 1970.
Calcium concentration in the bermudagrass was not affected by
the different rates of applied P in 1970. The uptake of Ca per acre
was related to forage yield.
The Mg concentration in the forage increased slightly with increases
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in applied P up to the 52-pound rate of P. At the 66-pound rate of P
there was a slight decrease in the Mg content of the grass. In general,
the Mg uptake was related to the forage yield. However, at the 66-pound
rate of P there was a decrease in the Mg uptake.
The P status of Bowie fine sandy loam soil following annual applica-
tions of P is shown in Table 9. In 1965, prior to the application of
the P treatments, the soil contained 5 ppm of extractable P. During
each year of the experiment the P status of the soil was determined
in the spring prior to the annual application of the P treatments. In
1966, 1967, 1968, 1970 and 1971 soil samples were taken at the 0-1 inch
depth and at the 1-6 inch depth. In 1969, soil samples were taken at a
depth of 0-5 inches.
The data in Table 9 show that in 1966, after one application of the
P treatments, there was a considerable increase in the P content of
the soil. This was especially true at the 0-1 inch soil depth. With the
application of 13 pounds of P per acre, the 0-1 inch soil depth con-
tained 8 ppm of extractable P. The extractable P increased in the 0-1
inch depth with each increased rate of applied P. With the addition
of 66 pounds of P per acre, the P content in the soil was 66 ppm at the
0- 1 inch depth. At the 1-6 inch soil depth, there was no increase in
extractable P with the application of 13 pounds of P per acre. However,
with applications of P above 13 pounds per acre, the P content at the
1-6 inch soil depth increased slightly with each increase in applied P
in 1966. The highest content of extractable P at the 1-6 inch depth was
16 ppm. This occurred at the 66-pound rate of applied P.
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In 1967, further increases in extractable P were obtained at the 0-1
inch soil depth with each increase in applied P. There was a consider-
able buildup of P in the top inch of soil in 1967 as well as in the pre-
vious year. The 0-1 inch depth of soil contained 12 ppm of extractable
P at the 13-pound P treatment. With the application of 66 pounds of
P per acre, there were 117 ppm of P in the top inch of soil in 1967.
However, at the 1-6 inch soil depth, a decrease occurred in the P content
as compared with the previous year. This decrease was probably due to
the large removal of P by the bermudagrass during the 1966 growing
season.
Yield data were not taken in 1968 due to the loss of the bermuda-
grass stand. However, soil samples were collected in the spring at
both depths and the P treatments were applied as in previous years of
the experiment. The extractable P content of the soil at the 0-1 inch
depth in 1968 increased with each of the increments of applied P. How-
ever, extractable P in the top inch of soil changed very little as com-
pared with the previous year. At the 1-6 inch soil depth, the extractable
P was still low regardless of the amount of applied P. There was very
little change in the P content at the 1-6 inch depth in 1968 as compared
with 1967 at most of the P treatments.
In the spring of 1969, after renovation and reestablishment of the
bermudagrass, soil samples were taken at the 0-5 inch depth only. Dur-
ing the renovation and reestablishment of the grass, P from the topsoil
was mixed deeper into the soil. It was also shown that some of the P
was moved into the no-P treatment during the renovation.
In 1970, soil samples were taken at both the 0-1 inch depth and the
1-6 inch depth. An increase in extractable P was found at both soil
depths with each increase in applied P. The 0-1 inch depth of soil con-
tained 37 ppm of extractable P where 13 pounds of P had been applied.
With the application of 66 pounds of P per acre there were 127 ppm of
P in the top inch of soil. The extractable P in the top inch of soil in
1970 was considerably higher than the P content of the top soil in 1968
at all levels of applied P. At the 1-6 inch soil depth, there was a con-
siderable increase in P content as compared with that in 1968. This
increase was due to the renovation and reestablishment of the grass
in 1969.
At the conclusion of the experiment in 1971, there was an increase
in extractable P at the two soil depths with increased rates of applied
P. The P content at the 0-1 inch depth was lower than in the previous
year in the no-P treatment and at the 13-pound rate of applied P. How-
ever, at the higher rates of applied P in 1971, the level of P in the soil
at the 0-1 inch depth increased over the P content of the previous year.
At the 1-6 inch depth, the extractable P decreased at the lower rates of
applied P, but increased at the higher rates of applied P as compared
with the 1970 data.
In general, with annual applications of P, there was an increase
each year in the P content of the top inch of soil at all rates of applied
21
p. The buildup of P in the 0-1 inch soil depth was much greater at the
higher rates of applied P. Without renovation of the soil, the results
showed that the extractable P content was not increased in the 1-6 inch
soil depth regardless of the rates of applied P.
The K status of Bowie fine sandy loam soil following annual applica-
tions of P is shown in Table 10. Initially, the soil contained 79 ppm
of extractable K. Each year of the experiment the K content of the
soil was considerably higher at the 0-1 inch soil depth than at the 1-6
inch depth regardless of the amount of applied P. There was no buildup
of extractable K in the soil at either of the soil depths. After renova-
tion and reestablishment of the bermudagrass the extractable K in the
soil increased considerably at both soil depths in 1970 as compared with
the 1968 data. In 1971, the extractable K content of the soil decreased
at both of the sampling depths as compared with the previous year.
Apparently, annual applications of P to the bermudagrass did not
have a direct effect on the K status of the soil. The extractable K con-
tent of the soil varied in relation to forage production. This is shown
by the fact that the soil from the no-P treatment contained the highest
K content each year at both soil depths. Also, in most years, the lowest
extractable K in the soil occurred with the application of 66 pounds
of P per acre.
The Ca status of Bowie fine sandy loam soil following annual appli-
cations of P is shown in Table 11. Initially, the soil contained 483 ppm
of extractable Ca. In 1966, the Ca content of the soil at both soil depths
was slightly higher in most of the P treatments than the initial 483
ppm. However, soil samples during the second year, 1967, showed a
considerable decrease in extractable Ca, especially at the 0-1 inch depth.
This was probably due to the large amount of forage removed from
the plots in 1966 as a result of P and N applications.
One ton of dolomitic limestone per acre was applied to all treat-
ments in the spring of 1967 and resulted in a large increase in extract-
able Ca at the 0-1 inch depth in 1968. However, this surface application
of dolomitic limestone had very little effect on the Ca status of the soil
at the 1-6 inch depth. In fact, soil samples from most treatments showed
a decrease in Ca in 1968 at the 1-6 inch soil depth.
In 1970, after the reestablishment of the bermudagrass, extractable
Ca was thoroughly mixed into the top six inches of the soil. There
was very little difference found between the extractable Ca in the 0-1
inch soil depth and the 1-6 inch depth. However, in 1971, the extract-
able Ca decreased in the top inch of soil, but increased at the 1-6 inch
soil depth as compared with the previous year.
Tlie Mg status of Bowie fine sandy loam soil following annual applica-
tions of P is shown in Table 12. At the initiation of the experiment
the soil contained 92 ppm of extractable Mg. As was shown with Ca,
the Mg content of the soil was also not directly affected by annual ap-
plications of P regardless of soil depth.
In 1966, the extractable Mg at both soil depths was lower than the
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initial Mg content o£ the soil. There was a further decrease in the
Mg content of the soil from all P treatments in 1967. This result was
probably due to the large applications of ammonium nitrate to the ber-
mudagrass, along with the increased forage yields.
In 1968, soil samples from all treatments showed a large increase in
extractable Mg at the 0-1 inch soil depth. This increase in Mg resulted
from the surface application of dolomitic limestone. However, there was
very little change in the Mg content of the soil at the 1-6 inch depth due
to the application of the dolomitic limestone.
During the renovation and reestablishment of the bermudagrass, the
Mg in the top inch of soil was mixed deeper into the soil. The content
of extractable Mg was much greater after renovation in the 1-6 inch
soil depth than during any of the previous years at this depth.
The Mg content of the soil samples taken in 1971 decreased at the
0-1 inch depth as compared with the previous year. This was probably
due to the further application of ammonium nitrate as a topdressing.
However, the extractable Mg at the 1-6 inch soil depth increased in
1971 as compared with the Mg content in the previous year.
The Mg status of this Bowie soil during the investigation was very
similar to the Ca status of the soil. Both elements were influenced pri-
marily by the application of ammonium nitrate and dolomitic lime-
stone to the bermudagrass.
The pH of Bowie fine sandy loam soil following annual applications
of P is shown in Table 13. The initial pH of the soil was 5.8. Prior to
the establishment of common bermudagrass, two tons of dolomitic
limestone per acre were applied to the soil. The pH of the soil was not
directly affected during the investigation by annual applications of P.
In 1966, after the first year of bermudagrass harvests, the soil reaction
at the 0-1 inch depth was slightly higher than the original pH of 5.8.
At the 1-6 inch depth, the pH was higher than the pH at the 0-1 inch
depth after the first year of harvests. After the second year of forage
production, there was a considerable decrease in the soil pH, especially
at the 0-1 inch depth. In 1967, the soil pH in the 0-1 inch depth was
approximately 4.4, while the pH was about 5.3 at the 1-6 inch soil
depth. This rapid decrease in pH was due to the heavy topdressings of
ammonium nitrate on the bermudagrass.
During 1967, one ton of dolomitic limestone per acre was applied
to the bermudagrass as a surface application. In the following year,
1968, the pH at the 0-1 inch depth increased to 6.0 or above in all
of the P treatments. However, the pH of the soil at the 1-6 inch depth
showed a much smaller increase than at the 0-1 inch depth. The average
pH of the soil at the 1-6 inch depth was 5.6 in 1968.
In 1970, after reestablishment of the bermudagrass, the pH of the
soil at both depths increased over that of 1968. The pH at the 0-1 inch
soil depth averaged 6.5, while the pH at the 1-6 inch depth was approx-
imately 6.6 for all the P treatments. However, in 1971, the pH in the
0-1 inch depth decreased again, and the pH of the soil at the 1-6 inch
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depth showed a small increase up to 6.8. The decrease in pH at the
0-1 inch depth occurred as a result of the nitrogen topdressings applied
to the bermudagrass.
The relationship between applied P and the yield of common ber-
mudagrass grown on Bowie fine sandy loam is shown in Figure 6. A
highly significant simple correlation ( r = 0.533) was found between
these two variables. The regression equation indicated that a linear re-
lationship existed between yield and applied P.
7.5 ^ . . .
6.0
u 4.6
<
c
o
T3
« 3.0
1.5 _
Y = 2.98 + 0.564X
r = 0.533**
13 26 39
Applied P, Lbs./ Acre
"T"
52 66
Fig. 6—The relationship between applied P and the yield of common
bermudagrass grown on Bowie fine sandy loam.
28
The relationship between annual applications o£ P and the P content
of common bermudagrass tissue is shown in Figure 7. A highly signifi-
cant simple correlation ( r = 0.938) was found between these two va-
riables. The data show that when no P was applied to the Bowie soil the
P content of the grass was critically low. Each increment of applied P
resulted in a consistent and significant increase in the concentration of
P in the tissue. The regression analysis indicated a positive curvilinear
relationship between P content in the grass tissue and applied P.
0.22
_
0.19 _
0.16 _
0.13
0.10 _ Y = 0.1111 ; 0.0024X -0.00001282X
r = 0.938**
13
-1"
26 39 52
"I
66
Applied P, Lbs. /Acre
Fig. 7—The relationship between annual application of P and the P
content of common bermudagrass tissue.
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The influence of annual applications of P on the P uptake by com-
mon bermudagrass on Bowie fine sandy loam is shown in Figure 8. A
highly significant relationship ( r = 0.675) was obtained between these
two variables. The regression equation indicated that a linear relation-
ship existed between the uptake of P and applied P.
30.0
0 1 1 \ 1 1
13 26 39 62 66
Applied P, Lbs. /Acre
Fig. 8—The influence of annual application of P on P uptake by common
bermudagrass grown on Bowie fine sandy loam.
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The P content of Bowie fine sandy loam each year following annual
applications of P is shown in Figure 9. Significant positive correlations
were found each year between the P content of the soil and P treat-
ments. Regression equations showed a curvilinear relationship between
the P content of the soil and applied P each year of the investigation.
The data show that each increment of applied P resulted in a buildup
of P in the soil over the duration of the experiment. A relatively high
buildup of soil P resulted from the annual application of 39, 52 and 66
pounds of P, respectively.
200
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1966 Y = 3.749 +0.014X^ 0.927**
1967 Y = 6^.990 +0.025X^ 0.927**
1968 Y = 9.959 f0.023X' 0 . 968**
1970 Y = 26.816 +0.025X^ 0.979**
1971 Y = 24.672 + 0. 036X' 0.984**
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Fig. 9—The P content of Bowie fine sandy loam following each annual
application of P.
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Phosphorus content o£ Bowie fine sandy loam following six annual
applications of P is shown in Figure 10. A highly significant relation-
ship (r — 0.959) was found between these two variables. The regression
equation indicated a curvilinear relationship existed between the P
content of the soil and applied P.
125
0 ' \ 1 1 \ " I
13 26 39 52 66
Applied P, Lbs. /Acre
Fig. 10—The P content of Bowie fine sandy loam following six annual
applications of P.
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SUMMARY AND CONCLUSIONS
An investigation was conducted on a Bowie fine sandy loam soil to
determine the effects of annual applications of P on the yield and chem-
ical composition of common bermudagrass. A second objective of this
study was to relate the annual applications of P to the P content of the
soil and to forage yield. This investigation was conducted as part of
Regional Project S-52.
Significant differences in the forage yield of common bermudagrass
were obtained each year among levels of applied P. The highest forage
yields each year occurred at the highest rates of applied P. The regres-
sion equation indicated that a linear relationship existed between ap-
plied P and forage yield. Phosphorus content of the forage increased
each year with each increment of applied P. The regression analysis
indicated a positive curvilinear relationship between P content in the
grass tissue and applied P.
In general, as the rates of P increased, the percentage recovery of the
applied P by bermudagrass decreased each year. In most years of the
investigation, the highest percentage recovery of the applied P was
obtained with an annual application of 13 pounds of P per acre. The
recovery of applied P tended to increase or decrease in relation to forage
yield.
As the amount of applied P per acre increased, there was a reduction
in the yield of bermudagrass per pound of applied P. The yield response
of bermudagrass to the applied P decreased as the extractable P in-
creased in the 0-1 inch soil depth. The P uptake from the soil increased
each year with each increment of applied P.
With continued annual applications of P, a buildup of extractable
P occurred in the top inch of soil at all rates of applied P. Regression
equations showed a positive curvilinear relationship between the extrac-
table P in the soil and applied P each year of the investigation. The
buildup of P in the 0-1 inch soil depth was much greater at the higher
rates of applied P. However, there was a decrease in the P content of
the soil at the 1-6 inch soil depth, regardless of the rates of applied P.
It is apparent that common bermudagrass removed a considerable
amount of P from the 1-6 inch soil depth. Renovation was necessary in
order to increase the extractable P at the 1-6 inch soil depth.
The percent K in the bermudagrass forage and the K uptake from
the soil were variable from year to year and apparently were not directly
affected by annual applications of P. Each year of the investigation, the
K content of the soil was considerably higher at the 0-1 inch soil depth
than at the 1-6 inch soil depth regardless of the rate of applied P. There
was no buildup of extractable K in the soil at either of the soil depths.
Apparently, annual applications of P to bermudagrass had no direct ef-
fect on the K status of the soil. The extractable K in the soil varied
each year in relation to forage production.
Neither the Ca content nor the Mg content of bermudagrass was af-
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fected by rates of applied P. In general, the Ca and Mg uptakes varied
in relation to the yield of bermudagrass forage. The Ca, Mg and pH
statuses of the soil were not directly affected during the investigation by
annual applications of P. These properties were influenced primarily by
the application of ammonium nitrate and dolomitic limestone to the
bermudagrass.
APPENDIX
Rainfall data at the
1965-1970.1/
West Louisiana Experiment Station, Rosepine,
Month 1965 1966 1967 1969 1970 Average
Janua ry 5.20 6.95 1.68 1.56 1.79 3.44
Februa ry 3.11 10.67 4.14 7.60 2.88 5.68
March 3.37 1.26 4.77 5 04 3.43 3.57
April 1.07 4.70 5.10 6.11 4.06 4.21
May 4.80 2.50 4.79 4.61 3.83 4.11
June 1.60 2.92 3.91 1.58 1.38 2.28
July 2.31 3.81 4.71 3.63 6.42 4.18
August 2.41 8.33 3.96 1.64 5.76 4.42
September 8.39 3.18 3.38 0.74 4.29 4.00
Oc tober 0.81 5.16 3.09 2.95 8.86 4.17
November 4.01 6.14 4.20 1.88 2.34 3.71
December 7.18 3.88 6.37 8.68 3.67 5.96
Total 44.26 59.50 54.17 46.02 48.71 50.53
]^/Rainfall for 1968 was not included1 because yield data were not
obtained
.
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